SUMMARY
Mycobacterium boris BCG chromosomal DNA, digested with EcoR1 and HindIII, was used to construct a promoter library in Escherichia coli using the promoter probe plasmid pKO-1. DNA inserts of various sizes showed promoter activity judged by the level of galactokinase (galK) whose synthesis they activate (between 50 and 850 galactokinase units). No correlation between the length of the DNA insert and the level of the galactokinase was found suggesting that the multicopy pool of the promoters does not influence the level of the transcription of the gaIK gene.
INTRODUCTION
Tuberculosis and leprosy are still among the world's major infectious diseases. They are caused by slow growing M. tuberculosis and M. leprae both of which grow intracellularly in the host, Mycobacteria are a very complex mixture of antigens of varied chemical structure [1] . Attempts to purify these antigens to homogeneity and to test their real role in the immune response of the host have failed so far [2] .
Gene cloning provides a very useful way of producing mycobacterial proteins within a faster growing microorganism. The preparation of recombinant DNA libraries from mycobacterial pathogens should allow their expression in appropriate recipient cells and should facilitate the isolation, purification and assay of the respective proteins.
Recently, considerable progress has been made in expression of mycobacterial genes in different host cells other than Mycobacteria [3] [4] [5] [6] [7] [8] .
No data are available about the real number of mycobacterial promoters which are active in E. coli and the nature of the gene products whose synthesis they control. In this paper we describe an attempt to clone some of the mycobacterial promoters which are active in E. coli. At the same time we examined their functioning and tried to quantify their activity in this particular host,
MATERIALS AND METHODS
used as a source of DNA. E. coli N100 (galK2 recA12 Str r) was used as a host for the recombinant plasmids constructed in pKO-1. This plasmid is a derivative of pBR322 in which the entire tetracycline gene has been replaced by the promoterless galK gene from the gal-operon of E. coli.
Construction of recombinant plasmids
Chromosomal DNA from M. boris BCG was isolated essentially as described by Thole et al. [6] . This DNA and cesium chloride-ethidium bromide purified plasmid vector pKO-1 DNA were separately digested with the restriction enzymes EcoR1 and HindlII. The pKO-1 digest was dephosphorylated and mixed with the chromosomal DNA from 34. boris BCG. After ligation and transformation of E. coli N100, recombinant plasmids were selected on McConkey base agar (Difco) supplemented with galactose (1% final concentration) and ampicillin (50 ~g/ml).
Colony hybridization
In situ colony hybridization was performed essentially as described by Maniatis et al. [9] . Hybridization conditions were 50% (vol/vol) formamide/5 × SSPE (1 x SSPE is 0.18 M NaC1/10 mM Nal.sH15PO4/1 mM Na 2 • EDTA, pH 7)/1 × Denhardt's solution, 0.02% (wt/vol) ficoll/ 0.02% (wt/vol) polyvinylpyrolidone 0.02% (wt/ vol) bovine serum albumin/0.3% NaDodSO4 at 42 °C for 16 h followed by washing in 2 × SSPE/ 0.2% NaDodSO 4 at 45 ° C.
Galactokinase assay
The galactokinase activity in the recombinant plasmids was measured by the extent of phosphorylation of [14C]-galactose. Galactokinase units were expressed as nanomoles of galactose phosphorylated per rain per ml of cell suspension at OD650 of 1.0 essentially as described by McKenney et al.
[10].
RESULTS

Cloning of M. boris BCG DNA in the promoter probe plasmid pKO-1
The pKO-1 plasmid is a derivative of pBR322 in which the entire tetracycline gene has been replaced by the promoterless galK gene from the gal-operon of E. coli. It has unique cloning sites for EcoR1, HindIII and Sinai. The galK gene is activated when a DNA fragment with promoter activity is inserted in the correct orientation into one of the cloning sites. To minimize the potential effects of upstream translation three stop-codons are present in all three reading frames beyond the cloning sites. These stop-codons uncouple the ribosomes from the galK transcript preventing the translation initiated in any DNA insert from continuing into the galK gene. This vector allows positive selection for galK expression by complementing the GalK-phenotype in E. coli N100.
To generate a M. bouis BCG promoter library in E. coli 5 /~g BCG DNA was digested with EcoR1 or HindIII and fragments were ligated to 1 /~g of pKO-1 DNA digested with the same enzymes and dephosphorylated. After transformation and plating onto McConkey-amp-gal plates, 46 (EcoR1) and 24 (HindIII) Gal + Amp r transformants were obtained. Analysis of the transformants showed that all the clones contained plasraids larger than the vector. Most inserts were between 0.8 and 5.0 kilobases (kb) (average 3.0 kb) reflecting the size distribution of the EcoR1 and the HindIII cut BCG DNA. There was no indication of multiple occurrences of a particular DNA fragment with the exception of 5 clones giving a fragment equal to the size of the vector (3,9 kb). This experiment suggested that BCG DNA contains a relatively large number of promoters active in E. coli.
The following control experiments confirmed that M. bouis BCG DNA fragments had been cloned and were responsible for the GalK + phenotype of the clones. Plasmid DNA from 20 randomly selected Gal + Amp r clones was purified and reintroduced in E. coll. All transformants were Gal + Amp r confirming that in each case the Gal + phenotype was plasmid born. To exclude the unlikely possibility that residual chromosomal DNA from E. coli in the vector preparation may have been the source of the observed promoter activity, a large amount of the vector DNA (5 /Lg) was digested with EcoR1 and self-ligated. The ligation mix was divided into 5 batches (1 /~g each) and used for transformation of E. coli. The whole transformation mix was plated onto McConkeyamp-gal plates. No Gal + Amp r clones were found.
In another control experiment BCG DNA digested with EcoR1 and HindIII was [32p]-labeled (nick-translated) and used as probe DNA in an in situ colony hybridization experiment. All transformants showed a positive hybridization signal of varying strength. No positive signal was obtained with E. coli containing only the vector even after a long film exposure.
The above experiments coupled with the finding that the clones contained plasmids of many different sizes established that BCG DNA fragments show promoter activity in E. coli.
Promoter actiuity of BCG DNA in E. coli
The relative strengths of BCG promoters in E. coli were assessed by testing the levels of the galactokinase synthesized by individual clones. This is a very accurate and linear assay from about 50 to 200000 galactokinase molecules per cell [10] .
We observed that the strength of the various recombinant clones containing BCG promoters varied a great deal with the levels of the galactokinase synthesized, ranging from about 50 to 850 galactokinase units. No correlation was found between the level of galactokinase and the molecular mass of the DNA insert. So we cannot attribute the difference in the promoter activity solely 155 to the plasmid copy number which could have been a possible explanation. Table 1 shows the levels of galactokinase in the clones with strongest promoter activity compared with E. coli promoters tested in a multicopy system. Obviously 3 clones are showing promoter activity comparable to and even stronger (clone E. coli pTS 46) than the gal-promoter of E. coli.
The observed differences in the promoter activity of the recombinant clones are remarkable and pose the question of whether the detection system may have been too sensitive possibly because of an increased plasmid copy number causing the initiation of transcription in the DNA sequences which are not used as promoters under normal circumstances. Nevertheless a small number of BCG promoters are strongly active in E. coli.
Our results are compatible with those already reported [4, 6] that some BCG DNA fragments showed promoter activity, but their number in our experiment was somewhat unexpected. We are currently testing the function of mycobacterial translational signals in the recombinant clones in order to find specific protein synthesis directed by these control signals. Preliminary data (manuscript in preparation) using mini-cells of E. coli show that at least three clones are synthesizing proteins of mycobacterial origin. By restriction analysis and deletion mapping we are trying to locate the genes encoding their synthesis. 
